Introduction

Naproanilide
[1-(2-naphthoxy) propionanilide] has a highly selective herbicidal activity on broad-leaved and cyperaceous weeds in rice fields4). In previous reports1,2), it was found that naproanilide remarkably stimulated RNA synthesis in both smallflower umbrellaplant and Cyperus serotinus (susceptible) by treatment at the young growth stage, while RNA synthesis in rice (tolerant) was little stimulated at any stage. This suggested that one of the main factors determining the selectivity of naproanilide was the different sensitivity in RNA synthesis.
In an investigation of the absorption, translocation and metabolism of naproanilide in rice plant, OYAMADA and KLTWATSUKA3) reported that the substance was rapidly converted to 1-(2-naphthoxy) propionic acid, hereinafter abbreviated as M-1, and naphthalene ringhydroxylated-M-1 glucoside. They suggested that hydrolysis and then ring hydroxylation followed by conjugation with sugars were the major steps in the detoxification of naproanilide in rice plants. TAKASAWA et al, the contrary, observed that the herbicidal activity of naproanilide was reduced remarkably when certain insecticides were applied together, while the activity of M-1 was not affected by these same insecticides. They assumed that naproanilide per se had no herbicidal activity but was activated through its conversion to M-1.
Thus, the absorption, translocation and metabolism of naproanilide in susceptible plants is not yet clearly understood.
The absorption, translocation and metabolismm of naproanilide in smallflower umbreliaplant, C. serotinus (susceptible) and rice (tolerant)
plants were compared to clarify their varying sensitivities to this herbicide.
Materials and Methods
Plant Materials
Seeds of smallflower umbrellaplant(Cyperus difformis L.) and rice (Oryza sativa L. cv. Nihonbare: japonica type) were directly sown on the surface of a mixture of volcanic ash soil and sand (1: 3, v/v) in plastic pots kept under an upland condition in a greenhouse, where temperature was maintained at 260C day and 210C night under a natural light condition. Relative humidity was 55% and 75% day and night, respectively.
Tubers of C. serotinus, which were provided by National Agricultural Research Center, Ministry of Agriculture, Forestry and Fisheries, Konosu, Saitama, were cut into sections, each of which had a bud, and sprouted in an incubator at 300C for 3 days. The sprouted tubers were transplanted to plastic pots in the greenhouse described above.
Smallflower umbrellaplant at the 3-leaf stage, rice plant at the 2-leaf stage(incomplete leaves were omitted in leaf stage counting) and C. serotinus plant at the rhizome-undeveloped 3-leaf stage were used in all the experiments described.
Responese of Plants to Root-Applied Naproanilide and Its Releted Compounds Roots of plants were placed in 500ml of an aqueous solution of naproanilide, M-1 or methyl-l-(2-naphthoxy)
propionate (M-2) at 5x10-5M, containing 0.1% acetone and 0.1 Tween 20, for 6hr. After treatment, the roots were thoroughly washed with 0.1% acetone and the plants were transferred to a round pot (113mm in diameter, 146mm in height) filled with the mixed soil under a submerged condition. They continued to grow in the greenhouse and their dry weights were measured 14 days after the treatment. Each experiment was replicated three times.
4C -Naproanilide 4C-Naproanilide, uniformly labelled at the naphthalene-ring with a specific activity of 1.0m Ci/mM, was used in the experiments. The radiochemical purity was determined by thin-layer chromatography with a development solvent of benzen-acetic acid (50: 2, v/v) or cyclohexane-toluene-methanol (2:4: 1, v/v). Purity was more than 96% and no attempt for further purification was made.
Absorption of 14C-Naproanilide by Roots
Plant roots were placed in 500ml of 3x10-6 M naproanilide solution containing 0.1 acetone, 0.1% Tween 20 and 1.5u Ci of 14C-naproanilide.
After various time intervals, the plants were removed from this solution, washed with 0.1% acetone solution, divided, cut into small sections and dried at about 600C. They were weighed and combusted in an automatic sample oxidizer (Packard TriCarb 306) and 14C-radioactivity was determined by a liquid scintillating spectrometer system. Each experiment was replicated three times.
Translocation of 14C-Naproanilide in Plants Roots were placed in 500ml of the same 14C-naproanilide solution as described above. After an absorption period of 6 hr, the plants were removed from this solution, washed with 0.1 / acetone solution and transferred to 500ml of a naproanilide-free solution. Following the designed culture periods, the plants were harvested, again washed with 0.1% acetone solution, blotted with tissue paper and divided. Further preparation for measuring 14C-radioactivity was made as in the absorption experiments. The treated plants were also prepared for radioautography.
Each experiment was replicated three times.
Metabolism of 14C-Naproanilide in plants
Roots of plants were placed in 300 ml of 3x10-5M naproanilide solution containing 8.9
p Ci 14C-naproanilide, 0.1% acetone and 0.1 / Tween 20 for 6hr and washed with 0.1% acetone. The plants were further grown in a naproanilide-free solution, harvested at an appropriate time, again washed with 0.1% acetone and blotted with tissue paper. They were divided, homogenated with 90% methanol and extracted three times with 90% methanol.
After filtration, the extracts were combined and concentrated in vacuo below 40C to several ml, an equal volume of acetone was then added to each concentrate.
An aliquot of each concentrate was spotted on silica gel thin layer plates (Wako gel FM) and the acetone solutions of naproanilide, M-1 and M-2 were spotted as reference compounds of the proposed metabolite.
After development with a mixture of benzene-acetic acid (50:2, v /v), the plates were exposed to X-ray film for several weeks to obtain a radioautograph. The chromatographed spots corresponding to naproanilide (Rf 0. 36), M-1 (Rf 0.23), M-2 (Rf 0.60) and the spot remaining at the original location were scraped off, and their radioactivities were determined by the liquid scintillating spectrometer system. Radioactiivty of non-extracted residues was determined by the sample combustion methods described above.
Results and Discussion
Responses of Plants to Naproanilide and Its Related Compounds
The effects of root-applied naproanilide, M-1 and M-2 on the growth of smallflower umbrellaplant, C. serotinus and. rice were examined and the results are shown in Table  1 . The growth of smallflower umbrellaplant and C. serotinus were suppressed by the chemicals, concomitant with the abnormality found in the root tips, in the basal parts of the shoots of both plants and in the rhizomes of C. serotinus, whereas the growth of rice was little affected by them.
The results indicated that the selective herbicidal activities of both M-1 and M-2 were apparently similar to that of naproanilide, where both smallflower umbrellaplant and C. serotinus were susceptible and rice was tolerant to them.
It was suggested that conversion of naproanilide to M-1 and/or M-2 was not a step in its detoxification if it occurred in the plants.
Absorption and Translocation of 14C-Naproanilide
The absorption of 14C-naproanilide by rice roots increased linearly with time, whereas that of smallflower umbrellaplant and C. serotinus was at near-maximum at 6 hr ( Fig.  1) . The rate of absorption by the roots was much higher in rice than in either smallflower umbrellaplant or C. serotinus at any given time. Radioautographs showed that 14C-derived from labelled naproanillide was translocated to the shoots of the plants and was evenly distributed there (Fig. 2) .
In all of the plant species, the 14C-radioactivity in shoots and roots increased with time during the absorption period (Table 2) . Radioactivity in the shoots rapidly decreased when they were removed from the 14C-naproanilide solution but increased again with time. It became higher with time in smallflower umbrellaplant than in C. serotinus or rice, but was the highest in the roots of rice regardless of the time examined. It was demonstrated that there was no correlation between the differential effects on plant growth and RNA synthesis1,2) and the "C -concentration in the plant tissues. Therefore, neither absorption by roots nor translocation to shoots was considered a factor in determining the relative selectivity of naproanilide, although it was unclear what chemicals, naproanilide itself or its metabolites, were present in the tissues.
Metabolism of 14C-Naproanilide Data on the metabolism of 14C-naproanilide in shoots and roots of these plants for periods up to 168hr after 6hr of root-application are shown in Fig. 3 . Both the susceptible (smallflower umbrellaplant and C. serotinus) and the tolerant (rice) plants metabolized naproanilide remarkably, where considerable 14C-radioactivity was found in M-1, M-2, the original location on TLC plate and the nonextractive residue fractions at any given time. No other metabolite was found as a clear spot on the TLC plates in these plants. The results suggested that M-1, M-2 and the metabolites found in the origin-fraction and non-extractible residue were the major metabolites of naproanilide.
In these plants, the percentage of 14C-radioactivity in the unchanged naproanilide fraction gradually decreased with time in both roots and shoots, although the radioactivity rates in each metabolites as well as unchanged naproanilide differed among the plant species. When 14C-radioactivity in the plant M-1 fractions was Table 2 . Amount of 14C-radioactivity originating from root-applied 14C-naproanilide in shoots and roots of smallflower umbrellaplant, C. serotinus and rice seedlings.
Roots were treated with 14C-naproanilide for 6hr.
compared, there was a general trend toward a lower percentage in rice than smallflower umbrellaplant and C. serotinus. In roots the percentage was much greater for C. serotinus and somewhat greater for smallflower umbrellaplant than rice, and in rice shoots the percentage was less than in C. serotinus in the earlier periods and less than smallflower umbrellaplant in the later periods. The percentage of 14C-radioactivity in the M-2 fraction in both shoots and roots were remarkably less in rice than in either of other plants.
It was noted that the difference in the percentages between the susceptible and the tolerant plants was greater in M-2 than M-1. On the other hand, the percentage in the origin-fraction was the least in smallflower umberllaplant, but little difference in the percentages of 14C-radioactivity was found in the residues. OiAMADA and KUWATSUKA3) reported that the major metabolites of naproanilide in rice were M-1 and its glucoside, and they suggested that hydrolysis and then naphthalene-ring hydroxylation followed by conjugation with sugars are the major steps in the detoxification of naproanilide in this plant. However, Table 1 shows that both M-1 and M-2 had herbicidal activity on smallflower umbrellaplant and C. serotinus but little on rice, similar to naproanilide, and it was earlier demonstrated that M-1) and M-2 (data not shown) as well as naproanilide1,2) had stimulative effects on RNA synthesis in susceptible plants. As shown in Fig. 3 , not only M-1 but also M-2 were actually obtained as the major metabolites of naproanilide in susceptible plants and both of them contained a larger percentage of total metabolites in susceptible than in tolerant plants. Comparisons of the metabolic patterns of root-applied naproanilide in susceptible and tolerant plants indicated that the rates of M-1 and M-2 in metabolites were correlated with the selective growth inhibition caused by naproanilide application, but the rate of naproanilide was not correlated with its inhibition on plant growth.
Evaluating these various results, it can be concluded that naproanilide is activated through its conversion to M-1 and/or M-2, and detoxificated by the subsequent conjugation with plant constituents.
When comparing absorption, translocation and metabolism of naproanilide, it can be postulated that one of the important factors dominating the selectivity of this root-applied herbicide is its differential ability in activation and/or at least in inactivation between susceptible and tolerant plants. More detailed identification of the metabolites and the significance of the difference in the patterns of naproanilide metabolism is needed.
Summary
The absorption, translocation and metabolism of root-applied naproanilide in smallflower umbrellaplant (susceptible), C. serotinus (susceptible) and rice (tolerant) were investigated. The rate of absorption by roots was much higher in rice than for both the other two plants. 14C-Radioactivity derived from 14-Cnaproanilide in shoots was highest in smallflower umbrellaplant, but in roots it was highest in rice. Naproanilide was rapidly metabolized, and 1-(2-naphthoxy) propionic acid(M-1), methyl 1-(2-naphthoxy) propionate (M-2) and the conjugates with plant constituents were obtained as major metabolites of naproanilide in all of plant species. The rates of M-1 and M-2, however, were greater in the susceptible weeds than in the tolerant rice. Both M-1 and M-2 showed selective herbicidal activities in the plants similar to naproanilide.
It was postulated that the difference in its metabolic patterns was one of the important factors dominating the selectivity of rootapplied naproanilide.
